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(54)11116: PROCESS FOR MAKING ANTIMICROBL\L QUINOLONYL LACTAMS 
(57) Abstract 

The present invention provides methods of making compounds of the structure [Q - L^I - L - [L^ - B], wherein Q is a quin- 
olone moiety; B is a beta-lactam moiety; L, L^, and U together comprise a carbamate-containing linking moiety, compris- 
ing the steps of: I) reacting a lactam compound of the formula B>L^-H with phosgene to fonh an intermediate compound of 
the formula B-L^-C( « 0)-Cl, where L^ is oxygen ; and 2) coupling said intermediate compound with a quinolone compound 
of the formula Q-P-R-w, wherein U is nitrogen; R44 is hydrogen, Si(R45)3, or Sn(R45)3; and R45 is lower alkyl. Preferably, 
the process aidditionally comprises steps prior ta the reacting and coupling steps where esters of the lactam and quinolone 
compounds are made. Also preferably, the coupling step comprises adding a solution containing the quinolone compound 
to a solution containing the intermediate compound. The process steps are also preferably performed at a temperature of 
from about -80 °C to about 0 °C. Preferred antimioobial compounds made by these processes are those where the beta-lac- 
tam moiety is a penem. 
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PROCESS FOR MAKING ANTIMICROBIAL QUINOLONYL LACTAMS 



RArKGROUND OF THE INVENTION 

5 This invention relates to processes for making antimicrobial 

compounds. The compounds made by this invention contain, as 
integral substituents, a quinolone moiety and a lactam-containing 
moiety. 

The chemical and medical literature describes a myriad of 

10 compounds that are said to be antimicrobiaU i.e., capable of 
destroying or suppressing the growth or reproduction of 
microorganisms, such as bacteria. In particular, antibacterial s 
include a large variety of naturally-occurring (antibiotic), 
synthetic, or semi -synthetic compounds. They may be classified 

15 {for example) as the aminoglycosides, ansamacrolides, 
beta-lactams (including penicillins and cephalosporins), lincos- 
aminides, macrolides, nitrofurans, nucleosides, oligosaccharides, 
peptides and polypeptides, phenazlnes, polyenes, polyethers, 
quinolones, tetracyclines, and sulfonamides. Such antlbacterials 

20 and other antimicrobials are described in Antibiotics, 
rhPinntheraneutics. and Antibac terial Agents for Disease Control 
(H. Grayson, editor, 1982), and E. Gale et al., The Molecular 
Rasis of Antibiotic Action 2d edition (1981), both incorporated 
by reference herein. 

25 Recently, a new class of highly potent, broad spectrum 

antimicrobials was discovered, combining beta-lactara moieties 
with quinolone moieties. These compounds have been referred to 
as "Quinolonyl Lactam Antimicrobials" (herein referred to as 
■QLAs)." Such compounds are described in European Patent 

30 Publication 366,189, White and Demuth, published May 2, 1990; 
European Patent Publication 366,193. Demuth and White, published 
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Hay 2, 1990; European Patent Publication 366,640, Denuth and 
White, published Nay 2, 1990; and European Patent Publication 
366 , 641, White and Oeoiuth, published Nay 2, 1990. Other such 
compounds are described in Australian Patent Publication 
5 87/75009, ATbrecht et al., published January 7, 1988; Australian 
Patent Publication 88/27554, published June 6, 1989; European 
Patent Publication 335, 297, Albrecht et al., published 
October 4, 1989; and Albrecht et al., "Dual-Action Cephalo- 
sporins: Cephalosporin 3'-Quinolone Carbamates', 34 J. Medicinal 

10 Chemistry 2857 (1991). 

Manufacture of QLAs generally involves synthesis of suitably 
protected substituent beta-lactara and quinolone moieties, a 
linking process, and appropriate de-protection steps. The 
specific linking process depends, of course, on the specific 

15 lactam and quinolone substituent moieties used, as well as the 
type of linkagr desired. Several such linking processes have 
been described in the literature. However, the yields of these 
processes are often low, particularly for the preparation of QLAs 
having a penem substituent moiety. 

20 It has now been discovered that certain linking processes 

using phosgene are useful in making QLAs, particularly those 
having a penem substituent moiety. Such processes allow 
efficient synthesis of QLAs, with high yields. 

25 SUMMARY OF THE INVENTION 

The present invention provides methods of making compounds 
of the structure 

[Q - Ll] - L - [L2 - B] 

30 



wherein 
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io 



15 



20 



25 



30 



(I) Q is a structure according to Formula (I) 



{K) (1) Al is N or C(R7); where 

(i) r7 is hydrogen, hydroxy, alkoxy, nitro, 
cyano, halogen, alkyl, or N(R8)(r9), and 

(ii) r8 and r9 are, independently, R8a where 
R8a is hydrogen, alJcyl, alkenyl, 
carbocyclic ring, or heterocyclic ring; 
or r8 and r9 together comprise a 
heterocyclic ring including the nitrogen 
to which they are bonded; 

(2) a2 is N or C(R2); where r2 is hydrogen or 
halogeni 

(3) a3 is N or C{R5); where r5 is hydrogen; 

(4) Rl is hydrogen, alkyl, a carbocyclic ring, a 
heterocyclic ring, alkoxy, hydroxy, alkenyl, 
aryl alkyl, or N(R8)(r9)j 

(5) r3 is hydrogen, halogen, alkyl, a carbocyclic 
ring, or a heterocyclic ring; 

(5) r4 is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N(R8)(R9}; 
(6) except that 

(1) when a1 is C(r7), r1 and r7 may together 
comprise a heterocyclic ring including N' and 




Al; 
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10 



15 



20 



25 



30 



(2) when a2 is C(R2), r2 and r3 may together 
comprise -0-(CH2}n-0-> where n is an integer 
from 1 to 4; 

(3) when A3 is C(R5), r4 and r5 may together 
comprise a heterocyclic ring including the 
carbon atoms to which r4 and R^ are bonded 
and the carbon atom of Formula (I) to which 
said carbon atoms are bonded; and 

(4) when is C(R5), r1 and R5 may together 
comprise a heterocyclic ring including N' and 
the adjacent carbon to which is bonded; 

(C) and except that one of r1, R6, or r7 must be nil; 

(II) B is a structure according to Formula (11): 



(A) RlO is hydrogen, halogen, alkyl, alkenyl, 
heteroalkyl, a carbocyclic ring, a heterocyclic 
ring, R8a-0-. RSaCH-N-, {R8){R9)N-, 
r17-C(=CHR20)-C{=0)NH-, r17-C(>N0-R19)-C(=0)NH-, 
or Rl8.(CH2)ni-C(=0)NH-; where 

(1) m is an integer from 0 to 9; 

(2) R17 is hydrogen, alkyl, alkenyl, heteroalkyl, 
heteroalkenyl, a carbocyclic ring, or a 



heterocyclic ring; 

(3) R18 is Rl7, -Yl, or -CH(Y2)(R17); 

(4) r19 is r17, aryl alkyl, heteroaryl al kyl , 
-C(R22)(r23)C00H, -C(-0)0-R17, or 
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•C(=0)NH-Rl7, where R^Z and R23 are, 
independently, R^^ or together comprise a 
carbocyclic ring or a heterocyclic ring 
including the carbon atom to which R^^ and 
r23 are bonded; 

(5) R20 is Rl9, halogen, -yI, or •CH(Y2)(r17); 

(6) yl is -C(=:0)0R21, -C(-0)R21, .N(R24)r21, 
-S(0)pR29, or -0R29; and y2 is Yl or -OH, 
-SH, or -SO3H; 

(a) p is an integer from 0 to 2; 

(b) r24 is hydrogen; alkyi; alkenyT; 
heteroalkyl; heteroalkenyl; a 
carbocyclic ring; a heterocyclic ring; 
-SO3H; -C(=0)R25; or, When r18 is 
-CH(N{R24)r21){r17)^ r24 may comprise a 
moiety bonded to r21 to form a 
heterocyclic ring; and 

(c) R25 is r17, NH(R17), N(R17){r26), 
0(r26); or S(r26); where r26 is alkyl, 
alkenyl, a carbocyclic ring, a 
heterocyclic ring, or when r25 fs. 
N(R17}(r26), r26 may be a moiety bonded 
to R17 to form a heterocyclic ring; and 

(7) r21 is r29 or hydrogen; where r29 is alkyl; 
alkenyl; aryl alkyl; heteroalkyl; 
heteroalkenyl; heteroarylalkyl ; a carbocyclic 
ring; a heterocyclic ring; or, when Y is 
N(R24)r21 and r21 is R29, r21 and r24 may 
together comprise a heterocyclic ring 
including the nitrogen atom to which r24 is 
bonded; 

Rll is hydrogen, halogen, alkpxy, or r27c(pO)NH-, 
where R27 is hydrogen or alkyl; 
bond "a" is a single bond Or is nil; and bond "b" 
is a single bond, a double bond, or is nil; except 
bond "a** and bond "b" are not both nil; 
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r12 is -C(R8a)-, or -CH2-R28-; where R28 is 
-C(R8a), -0-, or -N-, and r28 is directly bonded 
to N" In Fomnila (11) to foroi a S-menbered ring; 
except, if bond "a" is nil, then r12 is 

(1) -C(R8a)(Xl)-, where 

(i) Xl is -R21; -0R30; -S(0)rR30, where r is 
an integer from 0 to 2; -0C=0)R30; or 
lt{R30)R31; and 

(ii) r30 and R3I are, independently, alkyl, 
alkenyl, carbocyclic ring or 
heterocyclic ring substituents; or r30 
and r31 together comprise a heterocyclic 
ring including the nitrogen atom to 
which r30 and r3I are bonded; or 

(2) -CH2-R32-; where r32 is -C(R8a)(R21), -O-, 
or -NR8a, and r32 Is directly bonded to N" In 
Fomnila (II) to form a 5-membered ring; 

(1) if bond "b" is a single bond, r13 is 
-CH(R33).; or, -C{0)NHS02-, if bond "a" is 
nil; or -C*(R33)- if r14 contains a R36 
moiety; where r33 is hydrogen or COOH, and C* 
is linked to r36 to form a 3-meBbered ring; 

(2) if bond "b" is a double bond, r13 is 
-C(R33)=; or 

(3) if bond "b" is nil, R13 is hydrogen, -SO3H, 
-P0(0R3*)0H, -C(0)NHS02M(R34)(r35), .OSO3H, 
-CH(R35)C00H, or -0CH(R34)C00H; where R34 is 
hydrogen, alkyl, alkenyl, a carbocyclic 
ring, or a heterocyclic ring; and r35 is 
hydrogen, alkyl, alkenyl, or -NHRS^; or, if 
r13 is -C{0)NHS02N(R34)(r35), r34 and r35 may 
together comprise a heterocyclic ring 
including the nitrogen to which r34 and r35 
are bonded; and 

(1) if bond "a" or bond "b" is nil, then Rl* is 
nil; 
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(2) if bond "a" and "b" are single bonds, Rl* is 
-M-C"'-C(R8a).R37., or -tf-C'"(R36).R37.; or 

(3) if bond "a" is a single bond and bond "b" is 
a double bond^ r14 
-C(R8a)(R38).w.C'"-R37.; 
-W'-C(R8a){R38),c"'-R37.; or -H-C-'.r37-; 
where 

(a) W is 0; S(0}s» where s is an integer 
from 0 to 2; or C{R38), where r38 is 
hydrogen, alkyl or alkoxy; 

(b) W is 0; or C(R38); 

(c) r36 hydrogen; alkyl; alkenyl; -COOH; 
or, if Rl3 is •C*(R33), r36 may be 
linked to C* to form a 3-membered 
carbocyclic ring; 

(d) r37 and is nil, alkyl, alkenyl, a 
carbocyclic ring, or a heterocyclic 
ring; and 

(e) C"' is directly bonded to. Rl3 to form a 
5- or 6-membered ring; and 

(III){A) L is -€(=0)-, and is bonded to l3 and L* 

(B) - ll is l3 or R15L3; where 

(1) l3 is nitrogen; 

(2) r15 is alkyl, alkenyl, heterdalkyl, a 
heterocyclic ring, a carbocyclic ring, or r15 
together with l3 is a heteroalkyl or a 
heterocyclic ring; and 

(3) l1 is bonded to Q at the point of attachment 
of r1^ r6 or r7, whichever is nil; 

(C) l2 is l4, -XVR35-L*» or -X3t-R39.L4; where 

(1) is oxygen; 

(2) X2 is oxygen, or S(0)v, where v is 0, 1» or 

2; 

(3) X3 is nitrogen; N(R40); N+(R«)(r42); or 
r43.n(r41); and is linked to rH by a single 
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or double bond; or, if Rl* is nil, X3 is 
linked to B by a single or double bond; where 

(a) R*0 is R8a; -0R8a; or -C{«K))R8a; 

(b) R*l and are, independently, 
5 hydrogen; alkyl; alkenyl; carbocyclic 

rings; heterocyclic rings; or, if R^ is 
r16x, then R*l and r42 together with Q" 
may comprise a heterocyclic ring as r16; 

(c) r43 is N(R41), oxygen or sulfur; 
10 (4) t is 0 or 1; 

(5) r39 is alkyl, alkenyl, heteroalkyl» 
heteroalkenyl, a carbocyclic ring, or a 
heterocyclic ring; and 

(6) (a) if bond "a" or bond"b" is nil, then l2 
15 is bonded directly to r12 or Rl3; or 

(b) if bond "a" and bond "b" are not nil, 
then l2 is bonded to r14; 
and pharmaceutically- acceptable salts and biohydrolyzable 
esters thereof, and hydrates thereof; 

20 

comprising the steps of: 

(1) Reacting a lactam compound of the formula B-L*-H with 
phosgene to form an intermediate compound of the formula 

25 B-L*-C(=0)-C1; and 

(2) Coupling said intermediate compound with a quinolone 
compound of the formula Q-l3-r44; wherein R*^ is hydrogen, 
Si(R45)3, or Sn{R45)3; and r45 is lower alkyl. 

30 Preferably, the process additionally comprises steps prior to the 
reacting and coupling steps where esters of the lactam and 
quinolone compounds are made. Also preferably, the coupling step 
comprises adding a solution containing the quinolone convound to 
a solution containing the intermediate compound. The process 

35 steps are also preferably performed at a temperature of from 
about -80* C to about 0' C. Preferred antimicrobial compounds 
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made by these processes are those where Is -W-C'-rS?.^ ^ore 
preferably wherein W is S(0)s. 

DESCRIPTION OF THE INVgNTIQitf 
5 The present invention encompasses methods for making certain 

QLAs. These compounds are 'useful for treating infectious 
disorders in humans or other animal subjects. Thus, the 
compounds made by this invention must be pharmaceutically 
acceptable. As used herein, such a "pharroaceutically-acceptabTe" 
10 component is one that is suitable for use with humans and/or 
animals without undue adverse side effects (such as toxicity, 
irritation, and allergic response) commensurate with a reasonable 
benefit/risk ratio. 

flLAi 

15 The compounds ("QLAs") made by the methods of this invention 

encompass any of a variety of lactam moieties linked, by a 
linking moiety, to a quinolone moiety at the 1-, 5-, or 
7-position of the quinolone. These compounds include those 
having the general formula 



20 



25 



[Q - Ll] • L - [L2 - B] 

wherein 

(I) Q is a structure according to Formula (T) 




30 



wherein •« 
35 (A) (1) Al is N or C(R7); where 
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(i) r7 is hydrogen, hydroxy, alkojqr, nitro, 
cyano, halogen, alRyl, or M(R8)(r9) (preferably 
hydrogen or halogen), and 

(ii) r8 and r9 are, independently, R^a where R^a 
is hydrogen, alKyl, alkenyl, carbocyclic ring, 
or heterocyclic ring; or R^ and r9 together 
comprise a heterocyclic ring including the 
nitrogen to which they are bonded; 

(2) a2 is N or (preferably) C(R2); where r2 is 
hydrogen or halogen; 

(3) a3 is N or (preferably) C(R5); where r5 is 
hydrogen; 

(4) r1 is hydrogen, alkyl, a carbocyclic ring, a 
heterocyclic ring, alkoxy, hydroxy, alkenyl, 
aryl alkyl, or N(R8)(R9) (preferably alkyl or a 
carbocyclic ring); 

(5) r3 is hydrogen, halogen, alkyl, a carbocyclic 
ring, or a heterocyclic ring (preferably a 
heterocyclic ring); 

(6) R* is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N(R8)(R9); 
except that 

(1) when Al is C(R7), r1 and r7 may together comprise 
a heterocyclic ring including N' and A^; 

(2) when a2 is C(R2), r2 and r3 may together comprise 
-0-(CH2)n-0-, where n is an integer from 1 to 4; 

(3) when a3 is C(R5), r4 and r5 may together comprise 
a heterocyclic ring including the carbon atoms to 
which r4 and R^ are bonded and the carbon atom of 
Formula (I) to which said carbon atoms are bonded; 
and 

(4) when A3 is C(R5), r1 and r5 may together comprise 
a heterocyclic ring including and the adjacent 
carbon to which R^ is bonded; 

and except that one of Rl, r6, or R? must be nil; 
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(II) B is a structure according to Formula (II): 



35 



(II) R^^ 



0^ 



10 wherein 



(A) Rl<^ is hydrogen, halogen, heteroalkyl, a carbocyclic 
ring, a heterocyclic ring, RSa-o-, R8acH=N-, 
(R8)(r9)N-, r17-C(=CHR20)-C(=O)NH-, or (preferably) 
15 alkyl, alkenyl, R17-C(=N0-r19)-C(=0)NH-, or 

R^^-(CH2)ni-C(=0)NH-; where 

(1) m is an integer from 0 to 9 (preferably from 0 to 
3); 

(2) r17 is hydrogen, alkyl, alkenyl, hfiteroalkyl, 
20 heteroalkenyl, a carbocyclic ring, or a 

heterocyclic ring (preferably alkyl, i carbocyclic 
ring, or a heterocyclic ring); 

(3) rI8 is Rl7, .yl, or -CH(Y2)(R17); 

(4) r19 is Rl7, arylalkyl, heteroaryl alkyl, 
25 -C(R22)(r23)cooh, -C(=0)0-R17, or -G(=0)NH^r17, 

Where r22 and r23 are, independently, r17 or 
together comprise a carbocyclic ring or a 
heterocyclic ring including the carbon atom to 
which R22 and r23 are bonded (preferably Rl7 or 
30 -C(R22)(R23)cooH); 

(5) r20 is Rl9, halogen, -Yl, or -CH(Y2)(r17) 
(preferably r19 or halogen); 

(6) Yl is -C(=0)0R21, -e(-0)R21, .N(R24)r21, 
-S(0)pR29, or -0R29; and y2 is Yl or -OH. -SH, or 
-SO3H; 

(a) p is an integer from 0 to 2 (prefjerably 0); 
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(b) r24 is hydrogen; i\ky^; alkenyl; heteroalkyl; 
heteroalkenyl; a carbocycHc ring; a heterocyclic 
ring; -SO3H; -C(»0)R25; or, when is 
-CH(N{R2*)r21)(r17), r24 nay comprise a moiety 

5 bonded to r21 to form a heterocyclic ring; and 

(c) R25 is Rl7. NH(R17), N(R17)(R26), o(R26), or 
S{R26) (preferably R17, NH(R17), N(RI7)(r26)); 
where r26 is alkyl, alkenyl, a carbocyclic ring, a 
heterocyclic ring, or (preferably) when r25 is 

10 N(R17){R26), r26 may be a moiety bonded to RI^ to 

form a heterocyclic ring; and 
(7) r21 is r29 or hydrogen; where r29 is alkyl; 
alkenyl; aryl alkyl; heteroalkyl; heteroalkenyl; 
heteroaryl alkyl; a carbocyclic ring; a 
15 heterocyclic ring; or, when Y is N(R24)r21 and R21 

is r29, r21 and r24 may together comprise a 
heterocyclic ring including the nitrogen atom to 
which r24 is bonded (preferably hydrogen, alkyl, a 
carbocyclic ring, or a heterocyclic ring); 
20 (B) Rll is hydrogen, halogen, alkoxy, or r27c(=0)NH- 

(preferably hydrogen or alkoxy), where R27 is hydrogen 
or alkyl (preferably hydrogen); 
(C) bond "a" is a single bond or is nil; and bond "b" is a 
single bond, a double bond, or is nil; except bond "a" 
25 and bond "b" are not both nil; 

(D> r12 is -C(R8a)-, or -CH2-R28- (preferably -C(R8a)-); 
where R28 is -C{R^), -0-, or -N-, and r28 is directly 
bonded to N" in Formula (11) to form a 5-membered ring; 
except, if bond "a" is nil, then r12 is 
30 (I) (preferably) -C(R8a)(Xl)-, where 

(i) Xl is -R21; -0R30; -S(0)rR30, where r is an 
integer from 0 to 2 (preferably 0); -0C-0)R30; or 
M(r30)r31; and 

(ii) r30 and r31 are, independently, alkyl, 
35 alkenyl, carbocyclic ring or heterocyclic ring 

substituents; or R30 and r31 together comprise a 
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heterocyclic ring Including the nitrogen atom to 
which r30 and R^l are bonded; or 
(2) -CH2-R32-; where r32 is -C(R8a)(R21), -0-, or 
-NR8a, and r32 is directly bonded to N" in Formula 
(II) to form a 5-membered ring; 

(1) if bond "b" is a single bond, r13 is (preferably) 
-CH(R33)-; or, -C(0)NHS02-, if bond "a" is nil; or 
-C*(R33). if Rl4 contains a r36 moiety; where r33 
is hydrogen or (preferably) COOH, and C* is linked 
to r36 to form a 3-mefflbered rtng; 

(2) if bond "b" is a double bond, r13 is -C(R33),; or 

(3) if bond "b" is nil, r13 is hydrogen, -SO3H, 
-P0{0R34)PH, -C(0)NHS02N(R34)(r35), -OSO3H, 
-CH(r35)C00H, or -0CH(R34)C00H (preferably -SO.3H 
or -C(0)NHS02N(R34)(r35)); where r34 is hydrogen, 
alkyl, alkenyl, a carbocyclic ring, or a 
heterocyclic ring; and R35 is hydrogen, alkyl, 
alkenyl, or -NHRSa; or (preferably), if Rl3 is 
-C(a)NHS02N(R34)(R35), r34 and r35 may together 
comprise a heterocyclic ring including the 
nitrogen to which r34 and r35 are bonded; and 

(1) if bond "a" or bond "b" is nil, then r14 is nil; 

(2) if bond "a" and "b" are single bonds, Rl4 is 
-W-C'"=C(R8a).R37., or -W-C"'(R36)-r37.; or 

(3) (preferably) if bond "a" is a single bond and bond 
"b" is a double bond, Rl4 is 
-C(R8a)(R38).M.c»'.R37.; or (preferably) 

. -W'-C(R8a)(R38).c-'.R37.; or -W.C"'-R37.; where 

(a) M is 0; S(0)s> where s is an Integer from 0 
to 2 (preferably 0); or C(R38), where r38 is 
hydrogen, alkyl or alkoxy; 

(b) W is 0; or C(R38); 

(c) R36 hydrogen; alkyl; alkenyl; -COOH; or, if 
Rl3 is -C*(R33), r36 may be linked to C* to 
form a 3-roembered carbocyclic ring; 
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(d) r37 and is nil, alkyl, alkenyl, a 
carbocyclic ring, or a heterocyclic ring; and 

(e) C" is directly bonded to to form a 5- or 
S-membered ring; and 

5 

(III) (A) L is -C(»0)-, and is bonded to and L* 

(B) l1 is l3 or R15L3; where 

(1) 0 is nitrogen; 

(2) r15 is alkyl, alkenyl, heteroalkyl, a heterocyclic 
10 ring, a carbocyclic ring, or r15 together with l3 

is a heteroalkyl or a heterocyclic ring; 

(3) l1 is bonded to Q at the point of attachment of 
r1, r6 or r7, whichever is nil; 

(C) l2 is l4, -X2t-R39-L4, or -XSfR^S-L*; where 
15 (1) is oxygen; 

(2) X2 is oxygen, or S(0)v, where v is 0, 1, or 2; 

(3) X3 is nitrogen; N(R*0); N+(R«){R«); or 
r43.n(r41}; and is linked to Rl* by a single or 
double bond; or, if r1* is nil, X3 is linked to B 

20 by a single or double bond {preferably X3 is 

nitrogen, N(r40), or N+(R^^)(R*2)); where 

(a) R*0 is R8a; -0R8a; or -C(=0)R8a (preferably 
R8a); 

(b) R*l and r42 are, independently, hydrogen; 
25 alkyl; alkenyl; carbocyclic rings; 

heterocyclic rings; or, if is Rl^X, then 
r41 and r42 together with Q" may comprise a 
heterocyclic ring as Rl6; 

(c) r43 is N(R41), oxygen or sulfur; 
30 (4) t is 0 or 1; 

(5) r39 is alkyl, alkenyl, heteroalkyl, 
heteroalkenyl, a carbocyclic ring, or a 
heterocyclic ring; 

(6) (a) if bond "a" or bond "b" is nil, then l2 is 
35 bonded directly ta r12 or Rl3; or 
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(b) If bond "a" and bond "b" are not nil, then l2 
is bonded to R^*; 
and pharroaceutically- acceptable salts and biohydrolyzable esters 
thereof, and hydrates thereof. Preferred antimicrobial compounds 
5 made by the processes of this invention include those where r3 is 
nil and comprises a bond to L^, and those where r6 is nil and 
comprises a bond to L^. 

Definitions and Usaoe of Terms : 

10 

The following is a list of definitions for term$ used herein. 

"Heteroatom" is a nitrogen, sulfur or oxygen atom. Groups 
containing one or more heteroatoms may contain different 
15 heteroatoms. 

"Alkyl" is an unsubstituted or substituted saturated 
hydrocarbon chain radical having from 1 to 8 carbon atoms, 
preferably from 1 to 4 carbon atoms. Preferred alkyl groups 
include (for example) methyl, ethyl, propyl, isopropyl, and 
20 butyl. 

"Heteroalkyl" is an unsubstituted or substituted saturated 
chain radical having from 3 to 8 members comprising carbon atoms 
and one or two heteroatoms. 

"Alkenyr is an unsubstituted or substituted hydrocarbon 
25 chain radical having from 2 to 8 carbon atoms, preferably from 2 
to 4 carbon atoms, and having at least one oleflnic double bond. 

"Carbocyclic ring" is an unsubstituted or substituted, 
saturated, unsaturated or aromatic, hydrocarbon ring radical » 
Carbocyclic rings are monocyclic or are fused, bridged or spiro 
30 polycyclic ring systems. Monocyclic rings contain from 3 to 9 
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7 
to 17 atoms, preferably from 7 to 13 atoms. 

"Cycloalkyr is a saturated carbocyclic ring radical. 
Preferred cycloalkyl groups include (for example) cyclopropyT, 
35 cyclobutyl and cycTohexyl. 
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"Heterocyclic ring" is an unsubstituted or substituted, 
saturated, unsaturated or aromatic ring radical comprised of 
carbon atoms and one or more heteroatoms in the ring. 
Heterocyclic rings are monocyclic or are fused, bridged or spiro 
5 polycyclfc ring systems. Monocyclic rings contain from 3 to 9 
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7 
to 17 atoms, preferably from 7 to 13 atoms. 

"Aryr is an aromatic carbocyclic ring radical. Preferred 
aryl groups include (for example) phenyl, tolyl, xylyl, cumenyl 
10 and naphthyl. 

"Heteroaryr is an aromatfc heterocyclic ring radical. 
Preferred heteroaryl groups include (for example) thienyl, furyl, 
pyrrolyl , pyridinyl , pyrazinyl , thiazolyl , quinol inyl , 
pyrimidinyl and tetrazolyl . 
15 "Alkoxy" is an oxygen radical having a hydrocarbon chain 

substituent, where the hydrocarbon chain is an al^yl or alkenyl 
(i.e., -0-alkyl or -0-a1kenyl), Preferred alkoxy groups include 
(for example) methoxy, ethoxy, propoxy and allyloxy. 

"Alkylaraino" is an amino radical having one or two alkyl 
20 substituents (i.e., -N-alkyl). 

"Arylalkyl" is an alkyl radical substituted with an aryl 
group. Preferred aryl alkyl groups include benzyl and 
phenyl ethyl. 

"Arylamino" is an amine radical substituted with an aryl 
25 group (i.e., -NH-aryl). 

"Aryloxy" is an oxygen radical having a aryl substituent 
(i.e., -0-aryl). 

"Acyl" or "carbonyl" is a radical formed by removal of the 
hydroxy from an carboxylic acid (i.e., R^C(-O)-). Preferred 
30 alkylacyl groups include (for example) acetyl, formyl, and 
propionyl . 

"Acyloxy" is an oxygen radical having an acyl substituent 
(i.e., -0-acyl); for example,-0-C(»0) -alkyl. 

"Acyl amino" is an amino radical having an acyl substituent 
35 (i.e., -N-acyl); for example, -NH-C{«0)-allyrl. 
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"Halo", "halogen", or "halide" is a chloro, bromo, fluoro or 
iodo atom radical. Chloro and fluoro are preferred halides. 

Also, as referred to herein, a "lower" hydrocarbon moiety 
(e.g., "lower" alkyl) is a hydrocarbon chain comprisfed of from 1 
5 to 6, preferably from 1 to 4, carbon atoms.. 

A "pharmaceutical ly-acceptable salt" is a cationic salt 
formed at any acidic (e.g., carboxyl) group, or an anionic salt 
formed at any basic (e.g., amino) group. Many such salts are 
known in the art, as described in World Patent Publication 
10 87/05297, Johnston et al., published September 11, 1987 
(incorporated by reference herein). Preferred cationic salts 
include the alkali metal salts (such as sodium and potassium), 
and alkaline earth metal salts (such as magnesium and calcium). 
Preferred anionic salts include the halides (such as chloride 
15 salts). 

A. "biohydrolyzable ester" is an ester of a QLA that does not 
essentially interfere with the antimicrobial activity of the 
compounds, or that are readily metabolized by a human or lower 
animal subject to yield an antimicrobially-active quinolonyl 

20 lactam. Such esters include those that do not interfere with the 
biological activity ofquinolone antimicrobials or beta-lactam 
antimicrobials (cephems, for example). Many such esters are 
known in the art, as described in World Patent Publication 
87/05297, Johnston et al., published September 11, 1987, 

25 (Incorporated by reference herein). Such esters include lower 
alkyl esters, lower acyloxy-alkyl esters (such as acetoxymethyl, 
acetoxyethyl , aminocarbonyloxymethyl , pivaloyloxyraethyl and 
pivaloyloxyethyl esters), lactonyl esters (such as phthalidyl and 
thiophthalidyl esters), lower alkoxyacyloxyalkyl esters (such as 

30 methoxycarbonyloxymethyl , ethoxycarbonyloxyethyl and 

isopropoxycarbonyloxyethyl esters), alkoxyalkyl esters, choline 
esters and alkyl acylamino alkyl esters (such as acetamidomethyl 
esters). 

As defined above and as used herein, substlttient groups may 
35 themselves be substituted. Such substitution may be with one or 
more substituents. Such substituents include (for example) those 
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listed In C. Hansch and A. Leo, Substltuent Constants for 
Correlation Analysis in Chemistry and Biology (1979), 
incorporated by reference herein. Preferred substituents include 
(for example) alkyl, alkenyl, alkoxy, hydroxy, oxo, nitre, amino, 
5 aminoalkyl (e.g., aminomethyl, etc.), cyano, halo, carboxy, 
alkoxyaceyl (e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl, 
heteroaryl, heterocycloalkyl (e.g., piperidinyl, morpholinyl, 
pyrrolidinyl, etc.), iraino, thioxo, hydroxyalRyl, aryloxyi 
aryl al Kyi, and combinations thereof. 

10 Also, as used in defining the structure of the compounds of 

this invention, a particular radical may be defined for use as a 
substituent in multiple locations. For example, the r8 
substltuent is defined as a potential substituent of r7, but is 
also incorporated into the definition of other substituents (such 

15 as r1, r6, and rIO. As used herein, such a radical is 
independently selected each time it is used (e.g., need not be 
alkyl in all occurrences in defining a giyen compound of this 
invention) . 

Lactam-containino moietv : 

20 Groups r12, r13, and r1*, together with bonds "a" and "b" of 

formula (I), form any of a variety of lactam-containing moieties 
known in the art to have antimicrobial activity. Such moieties 
wherein either bond "a" or bond "b" are nil (i.e., do not exist) 
are mono-cyclic; if both bonds exist, the structure? are 

25 bi-cyclic. Preferably, bond "a" is a single bond and bond "b" is 
a double bond. 

Preferred lactam moieties include the oxacephems and 
carbacephems of the representative formula: 

30 



35 
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R" 



5 




COOH 



10 wherein, referring to formula (11), bond "a" Is a single bond; 
bond "b" is a double bond; Rl2 is -C(R8a)-, where R8a is 
hydrogen; Rl3 is -CH(r33), where r33 is coOH; and Rl4 is 
-W'-C(R8a)(R38).c"'-R37, „here R8a and r38 are hydrogen, r37 is 
methylene, and W is 0 (for oxacephems) or C(R38) (for 

15 carbacephens). 

Other preferred lactam moieties include the isocephems and 
iso-oxacephens of the representative formula: 



wherein, referring to formula II, bond "a" is a. single bond; bond 
"b" is a double bond; Rl2 is -C(R8a) where Rfla is hydrogen; r13 
is -C(R33)=, where r33 is cOOH; and r1* is -C(R8a)(R38).M.c»'-R37 
where R8a and r38 are each hydrogen, r37 is methylene, and W is S 
(for isocephems) or 0 (for iso-oxacephems). 

Other preferred lactam-containing moieties include the 
penems, carbapenems and clavems, of the representative formula: 



20 




25 



COOH 



35 
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5 




10 

wherein, referring to formula (II), bond "a" is a single bond; 
bond "b° is a double bond; Rl2 is -C(R8a), where R8a is hydrogen; 
r13 is -C(R33)=, where r33 is COOH; and R14 is -W-C"'-R37, where 
r37 is methylene, and W is S (for peneras), C(R38) (for 

15 carbapenems), or 0 (for clavems). Such lactam moieties are 
described in ,the following articles, all incorporated by 
reference herein: R. Wise, "In Vitro and Pharmacokinetic 
Properties of the Carbapenems", 30 Antimicrobial Aoents and 
Chemotherapy 343 (1986); and S. McCombie et al., "Synthesis and 

20 In Vitro Activity of the Penea Antibiotics", 8 Medicinal Research 
Reviews 393 (1988). 

Other preferred lactam-contalning moieties of this invention 
Include the penicillins of the representative formula: 



25 



30 




COOH 



wherein, referring to formula II, bond "a" Is a single bond, bond 
"b" is a single bond; r12 is -C(R8a)-, where R8a is hydrogen; Rl3 
35 is -CH(R33)- where r33 is COOH; and R1* Is -M-C'"(R36)-r37. where 
r36 Is methyl, r37 is methylene, and W Is S. 
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Other preferred lactara-containing moieties include the 
monocyclic beta-lactams, of the representative fonnula: 



wherein, referring to formula (II), bond "a" ii a single bond; 
bond "b" is nil; fiI2 is -C(R8a)-, where R8a is hydrogen; r14 u 

15 nil; and Rl3 is .SO3H (for a monobactam) , -PO(OR34)oh (for a 
monophospham); -C(0)NHS02N(R34){r35) (for a monocarbain), -OSO3H 
(for a inonosulfactaiD), -CH(r35)C00H (for nocardicins), or 
-0CH(r34)C00H. Such lactam moieties are described in 
C. Cimarusti et al., "Monocyclic 8-lactam Antibiotics", 

20 4 Medicinal R esearch Reviews 1 (1984), incorporated by reference 
herein. 

Other preferred lactam moieties include the monocyclic 
beta-lactams of the representative formula: 



5 





wherein referring to formula II, bond "a" is nil, bond "b" Is a 
single bond; Rl2 is -C(R8a)(R29). „here both R8a and r29 are 
hydrogen; and Rl4 nf^. 
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other preferred lactam moieties include the clavams of the 
representative formula: 



5 




COOH 

10 

wherein, referring to formula (II), bond "a" is a single bond; 
bond "b" is a single bond; r12 is -C(R8a)., where R8a is 
hydrogen; Rl3 is -CK{R33)-, where r33 is COOH; and rH is 
15 H-C"'=C-{R8a)-R37^ where R8a is hydrogen and r37 is methylene, 
and W Is 0. 

Other preferred lactam moieties include the 2,3-methyleno- 
penams and -carbapenams of the representative formula: 



ZD 




25 COOH 

wherein, referring to formula (II), bond "a" is a single bond; 
bond "b" is a single bond; r12 is -C(R8a)-, where R^a is 
30 hydrogen; r13 is -C*(R33), where r33 is COOH; and r14 is 
W-C"(R36)-r37, where r37 is nil, R36 is linked to C* to form a 
3-iiienbered carbocycllc ring, and W is C(R38) or sulfur. 

Lactam moieties of this invention also include the 
lactivicin analogs of the representative formula: 

35 
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R 



,11 



5 



RM 



10 




COOH 



2Q wherein, referring to formula (II), bond "a" is niT; bond "b" is 
a single bond; r12 is .CH2-R32, where r32 is 0; Rl3 is -CH{R33)., 
where r33 is COQH; and Rl* is nil. 

Other lactam moieties include the pyrazolidi nones of the 
representative formula; 



wherein, referring to formula (I), bond "a" is a single bond; 
25 bond "b" is a double bond; Rl2 is -CH2-R28-, where r28 is -Ns 
Rl3 is -C(R33)., where r33 is COOH; and Rl4 is Vf-C'-RS?-, where 
R37 is methylene, and W is C(R38). 

Other lactam moieties include the garana-lactaras of the 
representative formula: 



R 



,11. 



20 




COOH 



35 
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5 




wherein, referring to formula (11), bond "a" is a single bond; 
bond "b*' is nil; r12 is -CHe-R^S-, where r28 u -C(R8a) and R8a 
is hydrogen; Rl3 is -SO3H, -PO(OR34)OH, -C(0)NHS02N{R34)(r35)^ 
-OSO3H, -CH(R35)c00H, or .0CH(R34)C00H; and rI* is nil. 

Preferred lactam-containing moieties include isocephems, 

15 iso-oxacephems, oxacephems, carbacephems, penicillins, penems, 
carbapenems, and monocyclic beta-1actams. More preferred are 
penems, carbapenems and monocyclic beta-lactams. Particularly 
preferred lactam-containing moieties for compounds made by this 
invention are penems. 

20 R^^f in formula (II), is any radical that may be substituted 

at the active stereoisomer! c position of the carbon adjacent to 
the lactam carbonyl of an antimicrobially-active lactam. (As 
used herein, the term "antimicrobially-active lactam" refers to a 
lactam-containing compound, without a quinolonyl substituent 

25 moiety, which has antimicrobial activity.) This "active" 
position is beta (i.e.^ 7-beta) for oxacephems and carbacephems 
(for example). The active position is alpha for penems, 
carbapenems, clavems and clavams. 

Appropriate RlO groups will be apparent to one of ordinary 

30 skill in the art. Many such RlO groups are known in the art, as 
described in the following documents (all of which are 
incorporated by reference herein): Cephalosporins and 
Penicillins: Chemistry and Biology (E. Flynn, editor, 1972); 
Chemistry and Bioloov of b*Lactaro Antibiotics (R. Horin et al., 
. 35 editors, 1987); "The Cephalosporin Antibiotics: 
Seminar-in-Print", 34 Drugs (Supp. 2) 1 (J. Williams, editor. 
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1987); New Beta-Lactam Antibiotics: A Review from Chemistry of 
Clinical Efficacy of the New Cephalosporins (H, Neu, editor, 
1982); H. Sasslver et al.. In Structure Activity Relationshlos 
. amono the Semi -synthetic Antibiotics {D. Peflman, editor, 1977). 
5 W. Ourckhelmer et a1., "Recent Developments In the Field of 
Beta-Lactam Antibiotics", 24 Anaew> Chem. Int. Ed. Enol. 180 
(1985); G. RoTlnson, "Beta-Lactara Antibiotics", 17 
AntimTcrobial Chemotherapy 5 (1986); European Patent Publication 
187,456, Jung, published July 16, 1986; and World Patent 
10 Publication 87/05297, Johnston et a1., published September 11, 
1987. 

For penems, carbapenems, clavems and clavams, R^O is 
preferably lower alkyl, or hydroxy- substituted lower alkyl. 
Particularly preferred R^O groups include . hydrogen, 
15 hydroxymethyl , ethyl , [ 1 (R) -hydroxyethyl ] , [ 1 (R) - [ (hydroxysul - 
fonyl)oxyethyl]], and [I-methyl-l-hydroxyethyll* 

Except for penems, carbapenems, clavems and clavams, 
preferred R^O groups are amides, such as: acetyl amino, 
preferably substituted with aryl, heteroaryl, aryloxy, 
20 heteroaryl thio and lower alkylthio substituents; aryl glycyl amino, 
preferably N-substltuted with heteroarylcarbonyl and 
cycl oheteroal kylcarbonyl substi tuents ; arylcarbonyl amino; 
heteroaryl carbony 1 ami no ; and 1 ower al koxy imi noacetyl ami no , 
preferably substituted with aryl and heteroaryl substituents. 
25 Particularly preferred R^O groups Include amides of the general 
formula Ri8*(CH2)ni-C(»0)NH- and r18 is Rlf. Examples of such 
preferred RlO groups include: 

[(2'*dm1no-5-haTo-4-th1azoly1)acety1]amino; 

[ ( 4 - ami nopyr i d 1 n - 2 -yl ) ace ty 1 ] ami no ; 
30 [[(3,5-dichloro-4-oxo-l(4H)-pyrid1nyl)acetyl]amino]; 

I [[2- (ami nomethyl) phenyl ] acetyl ] amino]; 

[ ( IH- tetrazol - 1 -yl acetyl )am1no] ; 

[(cyanoacetyl )amino] ; 

t ( 2- th i eny 1 acetyl ) ami no ] ; 
35 [[(2-amino-4-th1azoyl)acetyl]am1no]; and 

sydnone, 3-[*2*am1no]-2-oxoethyl. 
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When Rio is Rl8-{CH2)m-C(C-0)NH-, and Rl8 is -Y1, preferred 
RlO groups include the following: 
[sul famoyl phenyl acetyT ] ami no ; 
[[(♦-pyridinylthio)acetyl Jamino] ; 
5 [[[(cyanomethyl)thio]acetyllamino]; 

(S)-[[[{2-ainino-2-carboxyethyl)thio]acetyl]an»ino]; 
[[[(trifluoromethyl )thio]acetyl Jamino] ; and 
(E)-[[[(2-aminocarbonyl -2-fluoroethenyl )thio] acetyl jamino] . 

10 When RlO is Rl8-(CH2)m-C{=0)NH-, and Rl8 is -CH(Y2) (R17) , 

preferred RlO groups include the following: 
[carboxyphenylacety1]amino; 
[ (phenoxycarbonyl }phenyl acetyl Jamino ; 
[4-mBthyl-2,3-dioxo-l-piperazinecarbonyl-0-phenylglycyl]- 

15 amino; 

[ [ [3 - (2-f urylmethyl eneami no) -2 -oxo-1 - imidazol idi nyl ] - 

carbonyl ] amino] phenyl ] acetyl ] amino ; 

(R) - [ (aminophenyl acetyl ) amino] ; 

(R)-[[amino(4-hydroxyphenyl)acetyl ]amino] ; 
20 (R)-[(amino-l,4-cyclohexadien-l-ylacetyl)amino]; 

[(hydroxyphenylacetyl )amino] ; 

{R)-[[[[(4-ethyl-2,3-dioxo-l-piperazinyl)carbonyl]amino]- 
(4-hydroxyphenyl ) acetyl ] ami no] ; 

(R)-[[[[(5-carfaoxy-lH-imidazoT-4-yl )carbonyl ]aroino]phenyl - 

25 . acetyl ]amino]; 

(R)-[[[[{4 hydroxy-6-methyl-3-pyridinyl)carbonyl]amino](4- 

hydroxyphenyl ) acetyl ]ami no] ; 
(R) -[ (phenyl sul foacetyl ) ami no] ; 

(2R,3S)-[[2-[[(4-ethyl-2,3-dioxo-l-piperazinyl)carbonyl]- 
30 amino]-3-hydroxy-l-oxobutyl]amino]; 

[[carboxy{4-hydroxyphenyl )acetyl ]amino] ; 
(R)-[[amino[3-[{ethylsulfonyl)aminolphenyl]acetyl]aminol; 

(R)-[[araino(benzo[bIthien-3-yl)acetyl]amino]; 
(R)-[[amino(2-naphthyl ) acetyl ] ami no] ; 
35 (R)-[[araino(2-amino-4-thiazolyl)acetyl]amino]; 



wo 93/07154 



-27- 



PCr/US92/08246 



[[[[(6»7-dihydroxy-4-oxo-4H-l-benzopyran-3-yl)carbonyl]- 
amino] (4-hydroxyphenyl ) acetyl ] ami no] ; 
(R»R)-[[2-[4-I2-aroino-2-carboxyethyloxycarbonyl]aninophen- 
y1]-2-hydroxyacetyl]amino]; and 
5 (S)-[{(5-hydroxy-4-oxo-l(4H)-pyridin-2-yl)carbonylamino(2- . 

am1no-4-th1azo1y1)acety1]amino]. 

Another preferred RlO group is R17.C{=CHR20)-C{-0)NH-. 
Another class of preferred R^O groups (for Tactam-containing 
10 moieties other than penems, carbapenems^ clavems and davams) 
include those of the formula: 

r17.c(«N0-R19)-C(=0)NH-. 
Examples of this preferred class of R^O groups Include: 
2-phenyl •2-hydroxyiminoacetyl ; 
15 2-thienyl-2-methoxyiminoacety1; and 

2- [4- (gamma-D-gl utamyl oxy) phenyl ] -2-hydroxy ijni noacetyl . 
(Z)[[{2-amino-4-thiazolyl)(roethoxyimino)acetyl]ainino]; 
[[(2-furanyl(methoxyimino)acetyl]aroino]; 
{Z)-[[(2-amiho-4-thia2olyl)[{l-carboxy-l-methyl)ethoxyim- 
20 ino]acetyl]amino] ; 

(Z)-[[(2-amino-4-thia2olyl)(l-carboxymethoxyimino)acetyl]aro- 
tno] ; 

[[(2-araino-4-thiazolyl)[(lH-imidazol-4-ylmethoxy)imino]acet- 
y1]amino]; 

25 (Z)-[[(2'-amino-4*thiazolyl-3*ox1de)(methoxyimino)acetyl]am- 
inoj; and 

{SiZ)-[[(2-amTno-4-thiazolyl)[carboxy(3,4-dihydroxyphen- 
yl}methoxyimino]acetyl]amino] . 

30 Suitable R^^ groups are among those well-known in the art, 

including those defined In the following documents (all 
incorporated by reference herein). Durckheiraer et al., 
"Recent Developments in the Field of Beta-Lactam Antibiotics", 
24 Anoew. Chem. Int> Ed. Enol. 180 (1985); G. Rolihsont 

35 "Beta-Lactam Antibiotics", 17 J. Antimicrobial Chemotheraov 5 
(1986); and European Patent Publication 187,456, Jung, published 
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July 16, 1986. Preferred rH groups Include hydrogen, mthoxy, 
ethoxy, propoxy, thiomethyT, halogen, cyano, fomyl and 
fonnylamino. Particularly preferred rH groups include hydrogen, 
methoxy* halogen, and formylamino. 
5 Dulnolone Moieties ; 

Groups a1, a2, a3, r1, r3, and R* of formula I form a moiety 
(herein, "quinolone moiety") present in any of a variety of 
qui no! one, naphthyridine or related heterocyclic compounds known 
in the art to have antimicrobial activity. Such heterocyclic 

10 moieties are well known in the art, as described in the following 
articles, all incorporated by reference herein: J. Wolf son et 
al., "The Fluoroquinolones: Structures, Mechanisms of Action and 
Resistance, and Spectra of Activity In Vitro". 28 Ant1micro^>1al 
Agents and Chemotherapy 581 (1985); and T. Rosen et al., 31 i. 

15 Med Chem. 1586 (1988); T. Rosen et al., 31 J, He<^, Cheiff. 1598 
(1988); 6. Klopman et al., 31 Antimicrob. Agents Chemother. 1831 

(1987) ; 31:1831-1840; J. P. Sanchez et al., 31 J. Med. Chem. 983 

(1988) ; J. H. Domagala et al., 31 J. Hed. Chem. 991 (1988); M. P. 
Mentland et al., in 20 Ann. Reo. Hed. Chem. 145 (D. H. Baily, 

20 editor, 1986); J. B. Cornett et al., in 21 Ann. Rep. M?d. Chem. 
139 (0. M. Bailey, editor, 1986); P. B. Fernandes et al., in 22 
Ann. Rep. Hed. Chem. 117 (D. M. Bailey, editor, 1987); 
R. Albrecht, 21 Proa. Druo Research 9 (1977); and P. B. Fernandes 
et al., in 23 Ann. Ren. Med. Chem. (R. C. Allen, editor, 1987). 

25 Preferred quinolone moieties include those where Al is 

C(R7), a2 is G(R2), and a3 is C(R5) (i.e., quinolones); A^ is 
nitrogen, a2 Is C(R2), and a3 is C(R5) (I.e., naphthyridines); Al 
is C{R7), a2 is C(R2), and a3 is nitrogen (i.e., cinnoline acid 
derivatives); and where Al is nitrogen, a2 is nitrogen, and A^ is 

30 C(R5) (i.e., pyridopyrimidine derivatives). More preferred 
quinolone moieties are those where a1 is C{R7), a2 is C(r2), and 
a3 is C(R5) (i.e., quinolones); and where Al is nitrogen, a2 is 
C(R2), and a3 is C(r5) (i.e., naphthyridines). Particularly 
preferred quinolone moieties are where Al is C(R7), a2 is C(R2), 

35 and A3 is C(R5) (i.e., quinolones). 
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Rl is preferably alkyl, aryl, cycloalkyl and alkyl amino. 
More preferably* Rl is ethyl, 2-fluoroethyl, 2-hydroxyethyT, 
t-buty1« 4-f1uoropheny1, 2»4-dif1uoropheny], methylamino and 
cyclopropyl. Cyclopropyl is a particularly preferred R^ group. 
5 Preferred quinolone moieties also include those where is C(R7) 
and r1 and r7 together comprise a 6-membered heterocyclic ring 
containing an oxygen or sulfur atom. 

r2 is preferably hydrogen or halo. More preferably r2 is 
chlorine or fluorine. Fluorine is a particularly preferred r2 
10 group. 

Preferred r3 groups include nitrogen-containing heterocyclic 
rings. Particularly preferred are nitrogen-containing 
heterocyclic rings having from 5 to 8 members. The heterocyclic 
ring may contain additional heteroatoms, such as oxygen, sulfur, 

15 or nitrogen, preferably nitrogen. Such heterocyclic groups are 
described in U.S. Patent 4,599,334, Petersen et al., issued 
Julys, 1986; and U.S. Patent 4,670,444, Grohe et al., issued 
June 2, 1987 (both incorporated by reference herein). Preferred 
r3 groups include unsubstituted or substituted pyridine, piperi- 

20 dine, morpholine, diazabi cycle [3 .1.1] heptane, diazabicy- 
clo[2.2.1]heptane, diazabicyclo[3.2.1]octane, diazabicyclo[2.2.2] 
octane, thiazolidinot imidazolidine, pyrrole and thiamorpholine, 
as well as the following particularly preferred r3 groups include 
piperaiine, 3-methylpiperazine, 3-aminopyrrol idine, 

25 3-aminomethylpyrroTidine, N,N-dimethyTaminomethylpyrrol idine, 
M-methylami nomethyl pyrrol idine, N-et hy 1 ami noraethy 1 pyrrol idine, 
pyridine, N-methylpiperazlne, and 3,5-dimethylpiperazine. 

The specific physical, chemical, and pharmacological 
properties of the quinolonyl lactams of this invention may depend 

30 upon the particular combination of the integral lactam-containing 
moiety, quinolone moiety and linking moiety comprising the 
compound. For example, selection of particular integral moieties 
may affect the relative susceptibility of the quinolonyl lactam 
to bacterial resistance mechanisms (e.g., beta-lactamase 

35 activity). 
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Preferred lactam moieties, quinolone moieties, and QLAs are 
described in the following documents, all of which are 
incorporated by reference herein: European Patent Publication 
366,189, White and Demuth, published Hay 2, 1990; European Patent 
5 Publication 335, 297, Albrecht'et al., published October 4, 1989; 
and U.S. Patent Application Serial No. 07/511,483, Demuth and 
White, filed April 18, 1990. 

Methods of Manufacture 
10 The processes of this invention comprise the steps of: 

(1) Reacting a lactam compound of the formula B-L^-H with 
phosgene to form an intermediate compound of the formula 
B-l4-C(=0)-C1; and 

(2) Coupling said intermediate compound with a quinolone 
15 compound of the formula Q-l3-r44. wherein R** is hydrogen, 

Sf(R45)3, or Sn(R*5)3; and R*5 is lower alKyl. 
Preferably, these processes additionally comprise steps for 
protecting the lactam and quinolone compounds prior to the 
reacting and coupling steps. In particular, the carboxylate 
20 groups at R* and r13 are protected, using an ester group. The 
compound formed following the coupling step is then deprotected, 
by removal of the ester groups, to yield the free acid compound. 

Accordingly, a preferred process of this invention 
additionally comprises: 
25 (a) a step, prior to said reacting step, wherein an ester 

of said lactam compound is formed; 
(b) a step, prior to said coupling step, wherein an ester 

of said quinolone compound is formed; and 
(b) deprotection steps, after said coupling step, wherein 
30 said groups are removed. 

Suitable hydrolyzable esters useful in such protection steps are 
well known in the art. They include, for example, allyl, benzyl, 
p-raethoxybenzyl, p-nitrobenzyl, di phenyl methyl, methyl, ethyl, 
2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-nethyUhioethyl , 
35 trimethylsilyl, t-butyldi phenyl si lyl, t-butyl. and 
tri butyl stannyl esters. Such esters, and suitable protection and 
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deprotection chemistry for carboxylates and other functional 
groups, are described in T. W. Greene, Protective Groups in 
Organic Synthesis , J. Wiley and Sons (1981), incorported by 
reference herein. 

5 Further, depending on the specific -lactam compounds and 

quinolone compounds employed, other functional groups (e.g., the 
rIO substltuent or the lactam compound) may need to be protected 
or blocked in order to prevent undesired competing side reactions 
from occurring during the coupling step. Protecting groups for 

10 hydroxyl substituents include ethers, esters, and carbonates; and 
protecting groups for amino substituents include carbamates, and 
amides. If various protecting groups are employed, then an 
appropriate deprotecting step, that will not decompose the 
coupled conjugate, may be required to obtain ant Ibacterl ally 

15 active products. Chemistry useful in the protecting and 
deprotecting steps are well known in the chemical literature. 

In a preferred process, a silylated quinolone compound is 
used, in the coupling step, wherein r44 of the quinolone compound 
is Si{R45)3, and R*5 is lower alkyl. Preferably R^S ]s methyl or 

20 ethyl. Also, the R^^ groups may be independently selected, such 
that the Si(R45)3 mpiety need not contain three identical R^S 
substituents. 

Any of a number of silylating reagents known in the art may 
be used to form the silylated quinolone compound, by reacting the 

25 silylating agent with a quinolone compound wherein r44 is 
hydrogen. Such silylating reagents include, for example, chlo* 
rotrimethyl silane ; N-methyl -N-trimethyl $1 Tyl -trt f 1 uoroacetaroide; 
N,N-bis(tr1methyls11yl)urea; l-trimethyls11yl imidazole; 

bi s ( tr Imethy 1 s i lyl ) tr i f 1 uoroacetarai de ; and 

30 N,0^bis(trimethylsilyl)acetaraide. Further, use of the silylating 
agent to form a silylated quinolone compound may also yield a 
si lyl ester of R* carboxyl ate of the quinolone, as a protecting 
group. This ester can then be removed, using well-known 
deprotection chemistry. 

35 The reacting step and coupling step are carried out in 

solution, using any of a variety of suitable solvents. Such 
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solvents include, for example: halocarbon solvents, such as 
methylene chloride, chloroform, and dichloroethanej ethers, such 
as diethyl ether and tetrahydrofuran (THF); aromatic solvents, 
such as benzene and toluene; and mixtures thereof. Halocarbon 
solvents are preferred. Preferably the coupling step comprises 
adding a solution containing the quinolone compound to a solution 
containing the intermediate compound. 

The reacting step and coupling step are preferably conducted 
at low temperatures, from -92* C to about 22* C. Preferably the 
temperatures are from about -80* C to about 0* C, more preferably 
from about -80* C to about -40* C. Preferably, reagents are 
mixed in the reaction step and coupling step so as to allow 
control of the temperature within these ranges. 

Procedures for making a broad variety of lactam and 
15 quinolone starting materials are well known in the art. For 
example, procedures for preparing lactam-containihg moieties are 
described in the following references, all incorporated by 
reference herein (including articles cited within these 
references) : Cephalospon ng and Penicillins: — Chemistry and 
Biology (E. H. Flynn, ed, 1972) Chapters 2, 3. 4, 5, 6, 7, 15 and 
Appendix I; Rppgnt Advanrps in thp Chpmistrv of g-lactaw 
Antibiotics (A.G. Brown and S. M. Roberts, ed., 1985); Topics in 
Antihintir- Chemistrv . Vol. 3, (Part B) and Vol. 4, (P. Sonmes, 
ed., 1980); Rpcpnt Advanrps in th a Chemistrv of fl-lactaw 
25 Antibiotics (J. Elks, ed.. 1976); Structure-Activity Matlop- 
<thin5 Among tht^ Semisynthetic Antibiotics (D. Perlman, ed, 1977); 
Chapts. 1, 2, 3, 4; Antibiotics, rhprnotherapeirtics and Antlbac- 
tflrial Agents for Disea se Control (H. Grayson, ed, 1982); 
Chemistry and Biology of ^-Lactam Antibiotics, Vols 1-3 (K. B. 
30 Horin and H. Gorman, eds, 1982); 4 Hftdicinal Research Reviews 
1-24 (1984); 8 Mpdir,inal Research Review 393-440 (1988); 24 
AntiPw. Chem. Int. Id. Enol. 180-202 (1985); 40 J. /\nt1biQtics 
182-189 (1987); European Patent Publication 266,060; 42 jL 
Antibiotics 993 (1989); U.S. Patent 4,742,053; 35 Ch?!".- Ph^PH. 
35 Bull. 1903-1909 (1987); 32 .1 HpH. Chem.. 601-604 (1989); U.S. 
Patent 4,791,106; Japanese Patent Publication 62/158291; 31 JL 



20 
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Hed. Chem. 1987-1993 (1988); 30 J. Hed. Chem. . 514-522 (1987); 28 
Tet. Let. 285-288 (1987); 28 Tet. Let. 289-292 (1987); 52 J> Org. 
Chem. . 4007-4013 (1987); 40 J. Antibiotics . 370-384 (1987); 40 JL 
Antibiotics. 1636-1639 (1987); 37 J. Antibiotics. 685-688 (1984); 
5 23 Heterocvcles . 2255-2270; *27 Heterocvcles . 49-55; 33 Chem. 
Pharm. Bull. 4371-4381 (1985); 28 Tet. Let. 5103-5106 (1987); 53 
J. Org. Chem. . 4154-4156 (1988); 39 J. Antibiotics . 1351-1355 
(1986); 59 Pure and AddI. Chem. . 467-474 (1987); 1987 J.C.S. 
Chem. . Comn. ; 44 Tetrahedron . 3231-3240 (1988); 28 Tet. Let. . 
10 2883-2886, (1987); 40 J. Antibiotics . 1563-1571 (1987); 33 Chem. 
Pharm. Bull. . 4382-4394 (1985); 37 J. Antibiotics . 57-62 (1984); 
U.S. Patent 4,631,150; 34 Chem. Pharm. Bull. . 999-1014 (1986); 52 
j. Pro. Chem. . 4401-4403 (1987); 39 Tetrahedron . 2505-2513 
(1983); 38 J. Antibiotics . 1382-1400 (1985); European Patent 
15 Applicatioii 053.815; 40 J. Antibiotics . 1563-1571 (1987); 40 i. 
Antibiotics . 1716-1732 (2987); 47 J. Pro. Cfieni. . 5160-5167 
(1981); U.S. Patent 4.777.252; U.S. Patent 4.762,922; European 
Patent Publication 287,734; U.S. Patent 4,762,827; European 
Patent Publication 282,895; European Patent Publication 262,365; 
20 and U.S. Patent 4,777,673. 

General procedures for preparing quinolone compounds useful 
in the methods of this invention are described in the following 
references, all incorporated by reiference herein (including 
articles listed within these references); 21 Progress in Druo 
25 Research. 9-104 (1977); 31 J. Med. Chem. . 503-506 (1988); 32 iL 
Hed. Chem. . 1313-1318 (1989); 1987 Llebios Ann. Chem. . 871-879 
(1987); 14 Druos Exotl. Clin. Res. . 379-383 (198a); 31 J. Med. 
Chem. . 983-991 (1988); 32 J. Med. Chem. . 537-542 (1989); 78 i. 
Pharm. Sci. . 585-588 (1989); 26 J. Het. Chem. . (1989); 24 J. Het. 
30 Chem. . 181-185 (1987); U.S. Patent 4,599,334, 35 Chem. Pharm. 
Bun. . 2281-2285 (1987); 29 J. Hed. Chem. . 2363-2369 (1986); 31 
J. Med. Chem. . 991-1001 (1988); 25 J. Het. Chem. . 479-485 (1988); 
European Patent Publication 266,576; European Patent Publication 
251.308, 36 Chem. Pharm. Bull. . 1223-1228 (1988); European Patent 
35 Publication 227.088; European Patent Publication 227,039; 
European Patent Publication 228.661; 31 J. Hed. Chen. . 1586-1590 
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(1988); 31 J. Med. Chem. . 1598-1611 (1988); and 23 J. Hed. Chem. . 
1358-1363 (1980). Preparation of quinoTone compounds useful 
herein are also described in: European Patent Publication 
366,189, White and Demuth, published May 2, 1990; European Patent 
g Publication 335, 297, Albrecht et al., published October 4, 1989; 
and U.S. Patent Application Serial No. 07/511,483, Oemuth and 
White, filed April 18, 1990; incorporated by reference herein. 

The following non-limiting examples illustrate the processes 
of the present invention. 

10 

EXAMPLE 1 

Preparation of [5R-[5a,6a]]-3-[[[4-(3-Carboxy-l-cyclopropyl-6- 
fluoro-l,4-dihydro-4-oxo-7-quinolinyl)-l-piperazinyl] 
carbonyloxy]inethyl]-6-[(R)-l-hydroxyethyl]-7-oxo-4-thia-I- 
15 azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid Oisodium Salt 
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thermometer, overhead stirrer and a 500 mL dropping funnel. The 
apparatus is dried and then cooled to approximately -78* C under 
nitrogen with a dry ice/acetone bath. Phosgene (60 mL, 30% in 
toluene) is added via syringe through the dropping funnel. 
OichToromethane is then rinsed through the dropping funnel Into 
the flask. A solution of [5R-[5a,6al)-6-{(R)-i-(t-butyld1- 
inethylsnyl-oxy)ethyl]-3-hydroxymethyl-7-oxo-4-thia-l-azab1cyclo 
[3.2.0]hept-2-ene-2-carboxyltc acid allyl ester (40 gram) and 
N,N*d11sopropylethy1 amine (20 mL) in 150 mL dichloromethane is 
transferred via cannula to the dropping funnel on the 1 L flask. 
This solution is then added to the phosgene solution at such a 
rate as to maintain the solution temperature between -75* C and 
-70* C (approximately 2.5 hour). Separately, M-methyl-N- 
trlmethylsilyl-trifluoroacetamide (56 mL> Is added to a 
^5 suspension of 1 -cycl opropyl -6- f 1 uoro- 1 » 4-d1 hydro=-4-oxo-7- ( 1 - 
piperazinyl)-3-quinol1ne carboxylic acid (33.2 gram) in 250 mL 
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dichloromethane at room temperature. The resulting solution is 
transferred to the dropping funnel on the 1 L flask via cannula 
and is added to the reaction mixture at such a rate so as to 
maintain the reaction temperature between -75* C and -70* C over 
5 approximately 1.5 hour. The ^reaction mixture is stirred for 
approximately 15 minutes, the cooling bath" is removed and 50 mL 
of water is added, allowing the solution to warm to approximately 
-10* C. A second aliquot of water (50 mL) is added and the 
mixture is further warmed to 10* C. 

10 The solution is filtered, extracted with water, washed with 

brine, dried over sodium sulfate and concentrated to 
approximately 200 mL volume in vacuo. With overhead stirring, 
methanol (approximately 400 mL) is added to the resulting 
solution causing an immediate precipitation of an off-white 

15 solid. After stirring 15 minutes, the solid is filtered, washed 
with methanol, then ether and dried under high vacuum to yield 
approximately 57 gram product I. 

To a mixture of product I (26 gram) in 360 mL THF containing 
19 mL acetic acid at room temperature is rapidly added a solution 

20 of tetrabutyl ammonium fluoride hydrate (32 gram) in 640 mL THF. 
The reaction is stirred for 24 hours and concentrated to dryness 
ia vacuo. The residue is dissolved in dichloromethane (400 mL), 
extracted twice with water, washed with brine, dried over sodium 
sulfate, filtered and concentrated to approximately 250 mL. The 

25 solution is diluted with an equal volume of diethyl ether to 
precipitate the product which is collected by filtration and 
air-dried to yield approximately 18 gram of product II. 

T© a solution' of II (5.2 gram) in 500 mL dichloromethane at 
0* C is added 0.76 mL water and bis(tri phenyl phosphine) palladium 

30 (II) chloride (0.13 gram) followed by the rapid addition of 
tributyltin hydride (2.8 mL). The solution is stirred for 35 
minutes at 0* C, then cooled to -V C to -10* C. Sodium 
2-ethylhexanoate (2.6 gram) in 250 mL THF is then added dropwise 
over 30 minutes. The mixture is stirred an additional 15 minutes 

35 and the precipitated product is collected by filtration. The 
crude solid is stirred in 60 mL acetone for one hour, collected 
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by centrifugation and dried in vacuo to yield 5 gram of the. title 
compound. 

The following QLAs are also prepared, according to the 
procedure of the above Example, with substantially Similar 
5 results. 



0 




COjNa 




35 
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15 




COsNa 



COzNa 




COjNa 



COjNa 



20 



25 



30 



EXAMPLE 2 

Preparation of [5R-[5a,6a]]-[3-[[[l-{3-Carboxy-l-(3,4- 
d 1 f 1 uorophenyl ) -6-f 1 uoro-1 , 4-di hydro-4-oxo- 1 , 8-naphthyridi n- 
7-yl ) -pyrrol idin-3-yl]aniino]carbonyloxy]roethyl] -6- [(R) -1- 
hydroxyethyl]-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene- 
2-carboxylic Acid Oisodium Salt 



OTBDMS 
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30 



To a solution of 20X phosgene in toluene (1.3 nL) in 11 nL 
dichloromethane with diisopropyl ethyl amine (0.48 inL) at >-3S.* C to 
-45* C under a nitrogen atmosphere is added dropwise a solution 
of [5R-f4b,5a,6al)-64(R)-l-(t-buty1dimethylsilyl-oxy)ethyl]-3- 
hydroxymethyl-4-roethyl-7-oxo-l-azabicyclo[3.2.0Jhept-2-ene-2- 
carboxylic acid allyl ester (1.0 gram) in 11 ml dichloromethane. 
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The reaction is stirred 1 hour at -35* C to -45* C, then cooled 
to -78* C. A chilled (-40* C) solution of the 7-{3-aininopjrr- 
rolidin-l-yl)-l-{2,4-difIuorophenyl)-6-fluoro-l,4-dihydro-4-oxo- 
l,8-naphthyndine-3-carboxylic acid allyl ester (1.1 gram) with 
5 diisopropylethylaraine (0.48 mL) in 23 mL dichloroniethane is added 
by cannula while maintaining the solution temperature below 
-70* C. After 30 min. the reaction mixture is extracted with 
cold 0.1 N HCl and water. The dichloromethane layer is dried 
over sodium sulfate and the solvent evaporated under vacuum. The 

10 residue was triturated with hexanes to yield approximately 1.8 
gram of product I. 

To a room temperature solution of product I (2.2 gram) in 40 
mL of THF with 1.4 mL of acetic acid is added tetrabutylaomonium 
fluoride hydrate (2.3 gram) in 17 mL of THF dropwise. The 

15 mixture is stirred for 24 hours at room temperature under 
nitrogen atmosphere. The solvent is evaporated under vacuum, the 
residue is taken up in 50 mL dichloromethane and is washed with 
water and brine. The dichloromethane layer is dried over sodium 
sulfate and evaporated in vacuo. The residue is triturated with 

20 hexanes and the solid filtered, ground by mortar and pestle in 
ether, and then further triturated with ether. The solid is 
filtered to yield 0.80 gram of product II. 

To a solution of product II (0.5 gram) in 40 mL of 
dichloromethane with bis (tri phenyl phosphine) panadium(II) 

25 chloride (0.019 gram) and 0.060 mL of water at 0* C under a 
nitrogen atmosphere is added tributyltin hydride (0.46 mL) and 
the mixture allowed to stir for 30 rain. Sodium 2-ethylhexanoate 
(0.22 gram) in 9.5 mL of THF is added to the above mixturia at 
0* C very slowly over 20 min. and stirred for an additional 15 

30 min. after the addition is completed. The precipitate is 
filtered and washed with ether and acetone. The solid is ground 
by mortar and pestle with acetone and further triturated with 
acetone. The solid is filtered and triturated with a 1:12 
mixture of aqueous isopropanol. The solid is filtered to yield 
35 0.22 gram the title compound. 
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The following QLAs are also prepared, according to the 
procedure of the above Example, with substantially similar 
results. 



10 



15 



20 




25 

O 



30 




F 



35 
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EXAMPLE 3 

Preparation of [5R-[4b,5a,6a]]-3-[[[4-(3-Carboxy-l-cyclopropyl-6- 
fluoro-l,4-dihydro-4-oxo-7-quinolinyl)-6-[(R)-l-hydroxyoxyethylJ- 
1-pfperazinyl ]carbony1oxy]i»ethyl ] -4-inethyl -7-oxo-l-azab1cyclo 
S [3.2.0]hept-2-ene-2-carboxy11c Acid Oisodlum Salt 
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A 30 L reactor is fitted with a low temperature thermometer, 
overhead . stirrer is charged with dichloromethane (6 L) ' and 
toluene (1.8 L) and cooled to -78* C (internal temperature)- 
Phosgene gas Is Introduced keeping the temperature . below 
5 approximately -60* C. After recooling the mixture to -78* C, a 
solution of [5R-[4b,5a,6a]]-6-[(R)-l-(t-butyldiraethylsilyl- 
oxy )ethyl ] -3-hydroxymethyl -4-methyl -7-oxo-l -azabi cycl o[3 .2.0] hept 
-2-ene-2-carboxy11c acid allyl ester (1.2 kg) and N»N- 
diisopropylethyl amine (580 mL) in 4.5 L dichloromethane is added 

10 to the reaction via metering pump at such a rate as to maintain 
the solution temperature between -75* C and -70* C. A premixed 
solution of N-methyl-N-trimethylsilyl-trifluoroacetamide (1.7 L) 
and l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-7T(l-piperazinyl)- 
3-quirioline carboxylic acid (1 kg) in 7.5 L dichloromethane is 

15 then added to the reaction mixture at such a rate as to maintain 
the reaction temperature between -75* C and -70* C. The reaction 
mixture is stirred for approximately 15 minutes and 1.5 L pf 
water is added, allowing the solution to warm to approximately 
-10* C. A second aliquot of water (1.5 L) is added and the 

20 mixture is further warmed to approximately 10* C. The solution 
is filtered, extracted with water, washed with brine, dried over 
sodium sulfate and concentrated to approximately 6 1 volume. 
With overhead stirring, methanol (3.2 L) is added to the 
resulting solution causing an immediate off-white precipitate. 

25 After stirring 15 minutes, the solid is filtered, washed with 
methanol, then ether and dried to yield approximately 2.1 kg 
product I. 

A 30 L reactor is charged with THF (5.3 L), tetrabutyl ammo- 
nium fluoride (3.22 L, 1 M in THF) and acetic acid (790 mL). 

30 Solid product I (870 gram) is added at room temperature with 
overhead stirring and the resulting suspension is stirred under 
nitrogen for 20-24 hours. The reaction mixture becomes 
homogenous overnight. Water (20 L) is added to the reactor, the 
resulting suspension stirred for one hour, and then the product 

35 is filtered. The crude product is placed into the 30 L reactor, 
more water (20 L) is added, the suspension Is stirred for 1 h. 
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and then the product is refiltered, washed with THF (5 L), and 
then dried to give approximately 550 gram of product IL 

A 30 L reactor equipped with an overhead stirrer is charged 
with product II (200 gram) and dichlororaethane (12 L). The flask 
5 is purged with nitrogen and tetrakis(triphenyl-phosphine)palladi- 
ura(O) (18 g) is added. The reaction mixture is cooled to -5* C 
and a solution of sodium 2-ethylhexanoate (103 g) in THF (5 L) is 
slowly added to the reaction vessel via a metering pump at such a 
rate that the internal temperature was maintained between -5* C 

10 to 0* C. Stirring of the reaction mixture is continued at - 5* C 
for another 1.5 hour after completion of addition. The reaction 
mixture is then centrifuged, the supernatant decanted off, and 
the product washed with additional dichloromethane (6 L). 
Following centrifugation and decant at ion, the product is then 

15 washed with additional dichloromethane (6 L). This process of 
washing, centrifugation, and decantation is repeated twice more. 
Following the final decantation step, final drying of the product 
affords 180 grams of the title compound. 

20 



25 



30 



35 
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WHAT IS CLAIMED IS: 

1. A process for making an antimicrobial compound of the 
formula 

[Q . Ll]'- L - [L2 . B] ^ 



wherein 

5 (I) Q is a structure according to Formula (I) 



10 



(I) 



15 



wherein 
(A) 



(1) 



20 



25 



30. 



(2) 

(3) 
(4) 



(5) 




Al is N or C(R7); where 

(i) r7 is hydrogen, hydroxy, iilkoxy, nitro, 
cyano, halogen, alkyl, or N(r8)(R9), and 

(ii) r8 and r9 are, independently, R^^ where 
R8a is hydrogen, alkyl, alkenyl, 
carbocyclic ring, or heterocyclic ring; 
or r8 and R^ together comprise a 
heterocyclic ring Including the nitrogen 
to which they are bonded; 

a2 is N or C(r2); where r2 is hydrogen or 
halogen; 

a3 is N or C(r5); where r5 is hydrogen; 

Rl is hydrogen, alkyl, a carbocyclic ring, a 

heterocyclic ring, alkoxy, hydroxy, alkenyl, 

aryl alkyl, or N(R8)(R9); 

r3 is hydrogen, halogen, alkyl, a carbocyclic 

ring, or a heterocyclic ring; 
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(6) R* is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N{R8)(r9); 
35 (B) except that 

(1) when a1 is C(R7), r1 and r7 may together 
comprise a heterocyclic ring including N' and 
Al; ' 

(2) when a2 is C(R2)/ r2 and r3 may together 
40 comprise -0-{CH2)n-0-» where n is an integer 

from 1 to 4; 

(3) when a3 is C(R5), r4 and r5 may together 
comprise a heterocyclic ring including the 
carbon atoms to which r4 and r5 are bonded 

45 and the carbon atom of Formula (I) to which 

said carbon atoms are bonded; and 

(4) when a3 is C(r5), r1 and r5 may together 
comprise a heterocyclic ring including H' and 
the adjacent carbon to which r5 is bonded; 

50 (C) and except that one of r1, R^, or r7 must be nil; 

(II) B is a structure according to Formula (II): 

R" 

:RM- 



55 



0^ 



60 wherein 

(A) RlO is hydrogen, halogen, alkyl, alkenyl, 
heteroalkyl, a carbocyclic ring, a heterocyclic 
ring. R8a-0-, R8aCH-N., (R8)(R9)N-, 
r17.CKHR20).C(-0)NH-. rI7.C(.N0-R19)-C(-0)NH-, 
65 or Rl8.(CH2)nj-C(=0)NH-; where 

(1) m is an integer from 0 to 9; 
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(2) is hydrogen, alkyl, alkenyl, heteroalkyi, 
heteroalkenyl, a carbocycHc ring^ or a 
heterocyclic ring; 

(3) Rl8 is Rl7, -Yl, or -CH(Y2)(r17) ; 

(4) Rl9 is r17, aryUlkyi/ heteroaryl alkyl, 
•C(R22)(r23)C00H, -CC^OO-rH, or* 
-e{*0)NH-Rl7, where R22 and R23 are, 
independently, R^^ or together comprise a 
carbocyclic ring or a heterocyclic ring 
including the carbon atom to which R22 and 
r23 are bonded; 

(5) r20 is Rl9, halogen, -Vl, or -CH{Y2)(r17); 

(6) Yl is -C{=0)0R21, -C(=0)R21, -N(R24)r21, 
-S(0)pR29, or -0R29; and Y2 is Yl or -OH, 
-SH, or -SO3H; 

(a) p is an integer from 0 to 2; 

(b) R24 is hydrogen; alkyl; alkenyl; 
heteroal kyl ; heteroal kenyl ; a 
carbocyclic ring; a heterocyclic ring; 
-SO3H; -C(=0)R25; or, when Rl8 is 
-CH(N(R24)r21)(r17), r24 may comprise a 
moiety bonded to r21 to form a 
heterocyclic ring; and 

(c) R25 is Rl7, NH{Rl7), N(R17){r26), 
0(R26), or S(R26); where r26 is alkyl, 
alkenyl, a carbocyclic ring, a 
heterocyclic ring, or when r25 is 
N(R17)(r26), R2e may be a moiety bonded 
to r17 to form a heterocyclic ring; and 

(7) r21 is R29 or hydrogen; where r29 is alkyl; 
al kenyl ; aryl al kyl ; heteroal kyl ; 
heteroalkenyl; heteroaryl al kyl ; a carbocyclic 
ring; a heterocyclic ring;, or, when Y is 
N{R24)r21 and r21 is R29, rH and r24 may 
together comprise a heterocyclic ring 
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including the nitrogen atom to which r2* is 
bonded ^ 

rH is hydrogen, halogen, alkoxy, or r27c(=0)NH-, 

where r27 is hydrogen or aikyl; 

bond "a" is a single bond or is nil; and bond "b" 

is a single bond, a double bond, or is nil; except 

bond "a" and bond "b" are not both nil; 

Rl2 is -C(R8a)-, or -CHz-R^^-; where r28 is 

-C{R8a), -0-, or -N-, and r28 is directly bonded 

to N" in Formula (II) to form a 5-roembered ring; 

except, if bond "a" is nil, then Ri2 is 

(1) -C{R8a){Xl)-, where 

(i) Xl is -R21; -0R30; .S(0)rR30, where r is 
an integer from 0 to 2; -OC=0)R30; or 
N(R30)r3I; and 

(ii) r30 and r31 are, independently, alkyl, 
alkenyl, carbocyclic ring or 
heterocyclic ring substituents; or r30 
and r31 together comprise a heterocyclic 
ring including the nitrogen atom to 
which r30 and r31 are bonded; or 

(2) -CH2-R32-; where r32 is -C(R8a)(R21), -O-, 
or -NR8a, and R32 is directly bonded to N" in 
Formula {II) to form a 5-membered ring; 

(1) if bond "b" is a single bond, R13 is 
-CH(R33)-; or, -C{0)NHS02-, if bond "a" is 
nil; or -C*(R33)- if RI* contains a r36 
moiety; where R33 is hydrogen or COOH, and C* 
is linked to r36 to form a 3-membered ring; 

(2) if bond "b" is a double bond, Rl3 is 
-C{R33)=; or 

(3) if bond "b" is nil, Rl3 is hydrogen, -SO3H, 
-P0(0R34)0H, .C(0)NHS02M(R3*){R35), -OSO3H, 
•CH(R35)C00H, or -0CH(R34)C00H; where R34 is 
hydrogen, alkyl, alkenyl, a carbocyclic 
ring, or a heterocyclic ring; and r35 is 
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hydrogen, alkyl, alkenyl, or -NHRSs; or, if 
r13 is .C{0)NHS02N(R34)(r35)/r34 and r35 may 

together comprise a heterocyclic ring 
including the nitrogen to which r34 and r35 
are bonded] and 
(F) (1) if bond "a" or bond "b^' is nil, then is 
nil; 

(2) if bond "a" and "b" are single bonds, r14 is 
-W-C*'=C(R8a)-R37.; or -U-C"'(R36).r37.. or 

(3) if bond "a" is a single bond and bond "b" is 
a double bond, r14 is 
-C(R8a)(R38)-W.C"'-R37-; 

-C { R8a) (r38) -c" ' -r37. ; or -W-C" ' -R37. ; 
where 

(a) W is 0; S{0)s, Where s is an integer 
from 0 to 2; or C(R38), where r38 is 
hydrogen, alkyl or alkoxy; 

(b) W is 0; or C(R38); 

(c) r36 hydrogen; alkyV; alkenyl; -COOH; 
or, if r13 is -C*(R33), r36 may be 
linked to C* to form a 3-membered 
carbocyclic ring; 

(d) R37 and is nil, alkyl, alkenyl, a 
carbocyclic ring, or a heterocyclic 
ring; and 

(e) C"' is directly bonded to r13 to form a 
5- or 6-membered ring; and 

(III}(A) L is *C(»0]-, and is bonded to l3 and 
(B) Ll is L3 or R15L3; where 

(1) l3 is nitrogen; 

(2) r15 Is alkyl, alkenyl, heteroalkyi, a 
heterocyclic ring, a carbocyclic ring, or r15 
together with l3 is a heteroalkyi or a 
heterocyclic ring; and 
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(3) l1 is bonded to Q at the point of attachment 
of r1, or R^, whichever is nil; 
(C) l2 is L*. -X2t-R3^-"-*» -X3t-R35-«-*; where 
175 (1) is oxygen; 

(2) X2 is oxygen, or S(0)v, where v is 0, 1, or 

2; 

(3) X3 is nitrogen; N{R40); N+{R«){R42); or 
r43-k{r41); and is linked to by a single 

180 or double bond; or, if R^* is nil, X3 is 

linked to B by a single or double bond; where 

(a) R*0 is R8a; -0R8a; or -C(=0)R8a; 

(b) R^l and R*2 are, independently, 
hydrogen; alkyl; altenyl? "rbocyclic 

185 rings; heterocyclic rings; or, if R^ is 

r16x, then R*l and R*2 together with Q" 
may comprise a heterocyclic ring as r1&; 

(c) R<3 is N(R*1), oxygen or sulfur; 

(4) t is 0 or 1; 

190 (5) R39 is alkyl, alkenyl, heteroalkyl, 

heteroalkenyl, a carbocyclic ring, or a 
heterocyclic ring; and 
(6) (a) if bond "a" or bond "b" is nil, then l2 
is bonded directly to r12 or 9}h or 
195 (b) if bond "a" and bond "b" are not nil, 

then l2 is bonded to r1*; 
and phannaceuticany-acceptable salts and biohydrolyzable 
esters thereof, and hydrates thereof; 



comprising the steps of: 

200 (1) Reacting a lactam compound of the formula B-L*-H with 
phosgene to form an intermediate compound of the formula 
B-L*-C(=0)-CT; and 

(2) Coupling said intermediate compound with a quinolone 

compound of the formula Q-L3-r44; wherein R** is hydrogen, 

205 Si(R*^)3, or Sn(R*5)3; and R« is lower alkyl. 
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2* A process, according to Claim 1, additionally comprising 

(a) a step, prior to said reacting step, wherein an ester 
of said lactam compound Is formed; 

(b) a step, prior to said coupling step, wherein an ester 
of said quinolone compound is formed; and 

(c) deprotectlon steps, after said coupling step, wherein 
said esters are removed. 

3. A process, according to Claim 1, wherein said coupling step 
comprises adding a solution containing said quinolone compound to 
a solution containing said intermediate compounds 

^ 4« A process, according to Claim 3, wherein said solutions are 
in a halocarbon solvent. 

5. A process, according to Claim 4, wherein said halocarbon 
solvent is selected from the group consisting of methylene, 
chloride, chloroform, dichloroethane, and mixtures thereof. 

6. A process, according to Claim 3, wherein said reacting step 
and said coupling step are performed at a temperature of from 
about -80* C to about 0* C. 

7. A process, accor'ding to Claim 6, wherein said temperature is 
from about -80* C to about -40* C. 

8. A process, according to Claim 6, wherein R*^ is Si(R45)3. 

9. A process, according to Claim 3, wherein Rl* is -W-C"'-R^7.. 

10. A process, according to Claim 9, wherein W is S(0)s* 

11. A process, according to Claim 10, wherein A^ is C(R7), a2 is 
C(R2), and A3 is C(R5); or a1 is nitrogen, A2 is C(R2), and a3 is 
C(R5). 
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12. A process, according to Claim U, wherein Al is C(R7), a2 Is 
C(R2), and a3 is C(R5). 

13. A process, according to Claim 11, wherein r3 is nil and 
conq)ri ses a bond to Ll. 

14. A process, according to Claim 11, wherein r6 is nil and 
comprises a bond to L^. 

15. A process, according to Claim 11, wherein said quinolone 
conqiound Is: 

1-Cyclopropyl -6-f luoro-1 , 4-dihydro-4-oxo-7-piperazinyl -quinol ine- 
3-carboxylic acid; 

5 1-Cyclopropyl -6-fluoro-l ,4-dihydro-4-oxo-7-piperazinyl -quinol ine- 
3-carboxylic acid ally! ester; 

1-Cyclopropyl -6-fluoro-l,4-dihydro-4-oxo-7-piperazinyl -quinol ine- 
3-carboxylic acid di phenyl methyl ester; 

1-Cyclopropyl -6-inuoro-l,4-dihydro-4-oxo-7-pipera2inyl-quinoline- 
10 3-carboxylic acid t-butyl ester; 

l-Cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-7-piperazinyl-quinoline- 
3-carboxylic acid 2,2,2-trichloroethyl ester; 

7-(3-Araino-l-pyrrolidinyl)-l-cyclopropyl-6,8-difluoro-l,4-dihydro 
-4-oxo-quinol i ne-S-carboxyl i c aci d; 

15 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-difluoro-l,4-dihydro 
-4-oxo-quinol ine-3-carboxylic acid allyl ester; 

7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-difluoro-l,4-dihydro 
-4-oxo-qiiinoline-3-carboxylic acid allyl ester; 
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5-Aniino-7-(3-amino-l-pyrrol idi nyl ) -1 -cyclopropyl -6,8-dif Tuoro- 1 , 4 
20 .dihydro-4-oxo-quinoline-3-carboxylic actd alTyl ester; 

S-Amtno- 1 -cycl opropyl - 6 , 8-d i f 1 uoro- 1 , 4-d i hydro -7 - (2 , 6-diinethyl -4- 
piperazinyl)-4-oxo-quinoline-3-carboxylic acid; 

7-(3-Ainino-l-pyrrolid1nyl)-l-(2,4-difluorophenyl)-6-fluoro-l,4- 
dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acid ally! ester; or 

25 7-[3-{t-Butyloxycarbonyl ) ami no- 1 -pyrrol idinyl ]-l-cyclopropyl -6,8- 
difluoro-1.4-dihydro-5-bydrazino-4-oxo-quino1ine-3-carboxylic 

acid allyl ester. 

16. A process » according to Claim 11 ^ wherein lactam compound 
is: 

[5R-I5a,6a] ] -6- [ (R) -1- (t-butyldimethyl si Tyloxy)ethyl ] -3- 
hydroxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 
5 carbpxylic acid allyl ester; 

[5R- [5a,6a]] -6- [{R)-l -[ (al lyloxycarbonyl )oxy]ethyl ] -3- 
hydroxymethyl -7-oxo-4-thi a- 1-azabicycl o[3 ,2 . 0]hept-2-iBne-2- 
carboxylic acid allyl ester; 

[5R-[5a,6a]]-6-[(R)-l-((2,2»2-trich1oroethyloxycarbonyl)oxy] 
10 ethyl]-3-hydroxyinethyl-7-oxo-4-thia-l-azab1cyclo[3.2.0]hept-2- 
ene-2-carboxylic acid 2,2,2-trichloroethyl ester; 

[5R- [5a,6a] ) -6- [ (R)-l- (t-butyldimethyl si lyloxy)etbyl ] -3- 
hydroxyinethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid di phenyl methyl ester; 

15 [5R-(5a,6a]]-6-[(R)-l-{t-butyldimethylsiTyloxy)ethyl]-3- 
hydroxyroethyl -7-oxo-4-thi a-1 -azabicyclo[3 . 2 .0]hept-2-ene-2- 
carboxylic acid t-butyl ester; 
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[5R-[4b, 5a,6a] 3 -6- [{R) -l-(t-butylditnethyl snylo)(y)ethyl ]-3- 
hydro)^ethyl-4-methyl-7-oxo-l-azabicycla[3.2.0]hept-2-ene-2- 

20 carboxylic acid alTyl ester; 

[5R-[5a,6a]J-6-[{R)-l-(t-butyldiraethylsilyloxy)ethyl]-3-{2- 
hydroxyethylth1o)-7-oxo-4-thia-l-azabicycloi3.2.0]hept-2-ene-2- 

carboxylic acid ally! ester; or 

[5R-[4b,5a,6a]]-6-[(R)-l-(t-butyldimethylsilyloxy)ethyl]-3-(2- 
25 hydroxyethylthio)-4-inethyl .7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid ally! ester. 

17. A process, according to Claim 1, wherein said antimicrobial 
compound is: 

[5R-[5a,6a]]-3-H[4-(3-Carboxy-l-cyclopropyT-6'-fluoro-l,4-dihydro 

-4-oxo-7-qui no! inyl ) - 1-pi perazi nyl Jcarbonyl oxylmethyl ] -6- [ (R)-l- 
5 hydroxyethyl ]-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 

carboj^lic Acid, Disodium Salt; 

[5R- [4b, 5a, 6a] ] -3- [ [ [4- (3-Carboxy-l -cycl opropyl -6-fl uoro-1 ,4- 
dihydro-4-oxQ-7-qui no1 inyl ) -1 -pi perazinyl Jcarbonyl oxy]methyl ] -6- 
[(R)-l-hydroxyethyl]-4-methyl-7-oxo-l-azabicyclo[3.2.0]hept-2- 

10 ene-2'carboxylic Acid, Disodium Salt; 

[5R-[5a,6a)]-3-[[[[4-(3-Carboxy-l-cyclopropyl-6,8-difluoro-l,4- 
di hydro-4-oxo-7-qui no! i nyl ) - (S) -3-pyrro1 i dinyl ] ami no] - 
carbonyl oxy]methyl ] -6- [(R) -1-hydroxyethyl ] -7-oxo-4-thi a-1- 
a2abicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, Disodium Salt; 

15 [5R-[4b,5a,6a]]-3-[[[[4-(3-Carboxy-l-cyclopropyl-6,8-difluoro- 
l,4-dihydro-4-oxo-7-quinolinyl)-(S)-3-pyrrolidinyl]araino]- 
carbonyloxy]methyl]-6-[(R)-l-hydroxyethyl]-4-methyl-7-oxo-l- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, Disodium Salt', 
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t5R-[5a,6a]l-3-[[[[4-[3-Carbo)V-l-(2,4-difluorophenyl)-6.fluoro- 
20 l,4-dihydro-4-oxo-l,8-naphthyridin-l-yl]-(S)-3-pyrrolldinyl] 

ami no] -carbonyl oxyjmethyl ] -6- [ (R) - 1 -hydroxyethyl ] -7 -oxo-4- thi a-1 - 
azabicyclo{3'2.01hept-2-ene-2-carboxylic Acid, Disodlum Salt; 

i 

[5R-[4b,5a,6a]]-3-[[[[4-[3-Carboxy-l-(2,4-difluorophenyl)-6- 
.fluoro-l,4-dihydro-4-oxo-l,8-naphthyridin-l-yl]-(S)-3- 
25 pyrrol idiiiyl ] ami no] -carbonyl oxyjraethyl ] -6- [ (R) - 1 -hydroxyethyl ] - 
4-methyl-7-oXo-l-azabicyclo[3.2.0]hept-2-ene-Z-carboxylic Acid, 
Di sodium Salt; 

[5R-[5a,6a]]-3-[[[4-(5-Amino-3-carboxy-l-cyclopropyl-6,8- 
difluoro-l,4-dihydro-4-oxo-7-quinol1nyl)-2,6-dimethyl -4- 
30 pi perazinyl Jcarbonyl oxyjmethyl ] -6- [ (R) - 1 -hydroxyethyl ] -7-oxo-4- 
thia-l-azabicyclot3.2.0]hept^2-ene-2-carboxylic Acid, Disodium 
Saltt 

[5R-t4b,5a,6a]]-3-[[[4-(5-Amino-3-carboxy-l-cyclopropyl-6,8- 
difluoro-l,4-dihydro-4-oxo-7-quinolinyl)-2,6-dimethyl-4- 
35 pi perazi nyl Jcarbonyl oxy ]roethyl ] -6- [ (R) - 1 -hydroxyethyl ] -4-methyl - 
7-QXo-l-azabicyclo[3.2.0]hept-2-ene-Z-carboxylic Acid, Disodium 
Salt; 

[5R-[5a,6a]]-3-I[[2-[7-{(S)-3-Amino-l-pyrro1idinyl)-3-carboxy-l- 
cyc1opropyl-6,8-difluoro-l,4-dihydro-4-oxo-5-quinolinyl]-l- 
40 hydrazino]-carbonyloxyimethyl]-5-[(R)-l-hydroxyethyl]-7-oxo-4- 
thia-l-azabicyclo[3.2-03hept-2-ene-2-carboxylic Acid, Disodium 
Salt; or 

[5R-[4b,5a,6a]]-3-t[[2-[7-({S)-3-Aroino-l-pyrrolidijiyl)-3-carboxy- 
l-cyclopropyl-6,8-difluoro-l,4-dihydro-4-oxo-5-quinolinyl]-l- 
45 hydrazi no] -carbonyl oxyjmethyl ] -6- [ (R) - 1 -hydroxyethyl ] -4-methyl - 7- 
oxo-l-azabicyclo[3,2.0]hept-2-ene-2-carboxylic Acid, Disodium 
Salt. 
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